The sequence of 863 contiguous nucleotides encompassing portions of the pol and env genes of NFS-Th-1 xenotropic proviral DNA was determined. This region of the xenotropic murine leukemia virus genome contains an env-specific segment that hybridizes exclusively to xenotropic and mink cell focus-forming but not to ecotropic proviral DNAs The chromosomal DNA of inbred mice contains multiple copies of murine leukemia virus (MuLV)-reactive sequences (8, 27, 28) . Some of these type C proviral DNAs encode infectious ecotropic or xenotropic MuLVs (24) , some are expressed only in the form of viral antigens (10, 20, 29) , some may contribute portions of their envelope (env) genes during the formation of mink cell focus-forming (MCF) MuLVs (6, 16) , and others contain large deletions and may not be expressed at all (16, 22) . Evaluation of the molecular organization of these different endogenous MuLV proviruses and their integration sites in cellular DNA by nucleic acid hybridization techniques has been hampered by the extensive cross-reactivity of different MuLV types. To overcome some of these problems, we constructed a recombinant plasmid (pEcen,), previously designated pEc-B4, that contains sequences specific for the env gene of ecotropic MuLVs (5) . This cloned 545-base-pair (bp) BglII-BamHI env segment maps 221 bp from the 5' terminus of the envelope gene of the Akv MuLV and partially overlaps a 400 bp SmaI fragment that also specifically anneals to ecotropic proviral DNAs (7) . Radiolabeled pEcenv DNA has been used to quantitate the number of ecotropic proviruses in different inbred mouse strains and to evaluate the stability of ecotropic proviral DNA in AKR sublines (4, 5) . More recently, we described the molecular cloning of an env-specific DNA fragment (pX,nv) derived from NFS-Th-1 xenotropic MuLV that hybridizes to xenotropic and MCF proviruses but not to ecotropic proviral DNA (3, 16) . Restriction enzyme mapping studies and hybridization experiments indicate that the env-specific segments present in pEcenv and PXenv DNAs are located in analogous regions of the env genes from which they were derived.
Since the structure of the envelope glycoprotein plays a major role in determining the tissue tropism and host range of MuLVs (1, 9, 18), we determined the nucleotide and deduced amino acid sequences of the xenotropic env-specific segment and compared them with the published sequences for Moloney (Mo) and Akv MuLVs. Our analysis indicated that although portions of the xenotropic env-specific segment were similar to the analogous region of ecotropic proviral DNA, this part of the xenotropic env gene contained multiple deletions and insertions relative to the ecotropic env DNA that explain its unique hybridization properties and could account for the biological characteristics of xenotropic MuLVs. Fig. 1 ) was determined and aligned with the analogous region of Mo MuLV. Homologous deduced amino acids are shaded, and the env splice acceptor sequence is indicated. The asterisk marks the position of the initiator codon of the env precursor polypeptide, which is translated in a different reading frame (see Fig. 3 ). The numbers above the Mo MuLV sequence are identical to those used to Shinnick et al. (26) . gy and to determine whether the two env genes had any polynucleotide sequence homology. The strategy for sequencing the cloned xenotropic proviral DNA is shown in Fig. 1 . Nucleotide sequencing was initiated at the HpaI site (5.9 kb) located in the pol region of the NSF-Th-1 xenotropic MuLV provirus, which is positioned approximately 360 bp from the 5' amino terminus of the env gene. As anticipated, this 3' portion of the xenotropic MuLV pol gene was 80% homologous with the analogous segment of Mo MuLV (Fig. 2) . Nonhomologous nucleotides frequently occurred as third-base changes, which resulted in 84% homology for the deduced amino acids. The most striking example of conservation involved the 3' terminus of the xenotropic and ecotropic pol genes, in which 16 of the 17 final amino acids and the last three codons, including the TAA terminator, were identical. In this segment of Mo MuLV (and, by analogy, NFS-Th-1 xenotropic MuLV), the pol and env genes overlap one another (26) . The nearly identical structure of the two proviral DNAs within the reading frame encoding the pol gene product aligned the two proviruses.
Sequencing of the env-specific segment of NFSTh-1 xenotropic proviral DNA. (26) . and Akv ecotropic MuLVs (17, 26) (Fig. 3) . The difference in the size (93 nucleotides) of comparable regions between the xenotropic and ecotropic env genes was due to several small and two larger deletions of 36 and 78 nucleotides (Fig. 3, D and E) in the xenotropic proviral DNA. Conversely, the xenotropic env-specific region contained two small insertions and a larger 42-bp insertion (Fig. 3, H) (26) . By analogy, the amino terminus of Akv gp7O was located at the same position, although the amino acid at position 1 (valine) (17) is different from the initial amino acid (alanine) of the Mo MuLV gp70 (Fig. 3) . Since the amino acid sequence of the NFS-Th-1 xenotropic MuLV gp7O has not been determined, its location within the deduced env precursor polypeptide can only be speculated on. If the amino terminus of the xenotropic MuLV gp7O is located at precisely the same position within the env gene as it is in the Akv and Mo MuLV gp70s, then the first amino acid would be serine (Fig.  3) . However, this region of the xenotropic env gene shared little polynucleotide sequence homology with either of the two ecotropic env segments. A shift in the alignment of the xenotropic env sequence in this region by one codon in the 3' or 5' direction would result in a gp7O with an amino-terminal amino acid identical to Mo MuLV (alanine) or Akv MuLV (valine).
As pointed out previously, the 5'-terminal portion of the xenotropic env gene was highly conserved relative to the analogous segments of Mo and Akv MuLVs, particularly in the region of overlap with the pol gene. The direction of the shift from the pol to the env reading frame was identical. This part of the MuLV env gene encodes a hydrophobic leader sequence (17, 26) that is removed during the maturation of gp7O (11, 15) . This portion of the NFS-Th-1 xenotropic env region also contains uncharged, mostly hydrophobic amino acids that are probably components of an envelope precursor. MuLV envelope glycoproteins are translated from spliced mRNAs (12, 23) . A consensus 3' acceptor sequence (25) was identified 275 nucleotides upstream from the 5' terminus of the xenotropic env gene, at a location and with a nucleotide sequence identical to that present in Mo MuLV (Fig. 2) .
Within the sequence shown (Fig. 3) , the env regions of both Mo and Akv MuLVs encoded two potential glycosylation sites. One of these (between Mo MuLV nucletides 5,909 and 5,917) was also present in the xenotropic env gene. A second potential glycosylation site in the xenotropic env region with no counterpart in the ecotropic gp7O was located between nucleotides 5,960 and 5,968 (Fig. 3) .
As pointed out above, the xenotropic env gene contains several insertions and deletions relative to the analogous segment of the ecotropic genome, which may be responsible for the unique biological properties of each MuLV type. Segment D (Fig. 3) , which is missing from xenotropic MuLVs, is particularly rich in proline residues. Its absence would certainly affect the secondary structure of this portion of the xenotropic gp7O molecule. The base substitutions found in the xenotropic env gene that generate regions of polynucleotide heterology could have a less obvious effect on the structure of gp7O than would deletions or insertions. For example, both ecotropic and xenotropic env gene products have a peak of hydrophilicity (average indices of 1.02 and 1.34, respectively, calculated as described by Hopp and Woods [14] ) in the region just 5' to E (Fig. 3) . Unexpectedly, an adjacent region of the xenotropic gp70 was also extremely hydrophilic (an average index of 0.94), in the area (between nucleotides 6,032 and 6,094) in which the ecotropic env protein had an index of -0.07. Assuming that this portion of the xenotropic envelope glycoprotein, like other strongly hydrophilic regions, is located on the surface of the gp7O molecule, this polypeptide segment could determine some of the characteristic properties of xenotropic and not to the ecotropic env-specific DNA, these four endogenous env segments reacted strongly with labeled PXenv DNA and weakly but reproducibly with the pEcenv probe (16) . This pattern of hybridization (dual reactivity) was shown to be characteristic of the MCF env gene, and the results obtained with the four endogenous env segments suggested that they might be progenitors of infectious MCF MuLVs (16) .
The fifth cloned endogenous env segment that was isolated from a BALB/c mouse library (associated with clone B-77) behaved like a typical xenotropic proviral DNA and hybridized only to the PXen, DNA probe. Since the restriction map of the B-77 env region was also similar to the analogous segment of the NFS-Th-1 xenotropic provirus, portions of its env gene were sequenced and compared with the xenotropic envspecific sequence. The two segments of the B-77 envelope gene analyzed were identical to comparable portions of the xenotropic env gene in 380 out of 408 nucleotides (93% homology) and 123 out of 136 amino acids (90% homology) (Fig.   4) . All of the characteristic insertions and deletions of the NFS-Th-1 xenotropic env gene shown in Fig. 3 , including the 42-bp insertion H, were present in the B-77 endogenous env segment. In addition, the B-77 env region, like the xenotropic env gene, contained a second potential glycosylation site (located between A and B in Fig. 4, panel 2 ) that was absent from the comparable segment of the ecotropic proviral DNA (nucleotides 5,960 to 5,968, Fig. 3 ). All of the deduced amino acid differences between the B-77 and the NFS-Th-1 xenotropic MuLV envelopes were single base changes. These sequencing results showed several characteristic features of xenotropic env genes that distinguished them from analogous segments of ecotropic MuLVs. The role of each in determining properties such as tissue tropism, host range, and binding to cell receptors awaits the construction of recombinants containing specific segments of ecotropic and xenotropic MuLV env genes.
